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Ocean heat content

» State of knowledge in IPCC-AR5

0-700m OHC Uncertainty in 0-700m OHC
L L - L L 3.5 1 1 1 1 1 1 1 1
1501
= 3+ —— Climatology
“'% — XBT
100 A o5 —— Mapping
— e = —— Sampling
@ g’é —— Overall
Q 50- £ 2]
5 2 XBT
E 3 1.5
) e .
d e 14\ mapping
g ! AV4 :
_504 —iaie Climatology \
[ Domingues b 0.5-
= Palmer
= Smith
_100 1 1 T T T T 0 T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 1994 1996 1998 2000 2002 2004 2006 2008 2010
Year
IPCC-ARS (2013) Lyman et al. 2010, Nature

Progress after IPCC-AR5
) U



Ocean heat content

How OHC calculated and why it is so uncertain?
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Ocean heat content

Sources of uncertainties in OHC estimate (Boyer et al. 2016):
Using 8 mapping methods, 6 XBT correction schemes, 3 climatology.

@ Mapping method (gap-filling)

@ XBT bias

(3 Choice of climatology (dependent on Mapping)

@) Data quality

Question: are these methods equally good???



Improving OHC estimate: XBT

XBT bias: >10 correction schemes are proposed and used in the OHC estimate.
One correction scheme (CH14) has been identified and recommended by community.
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OHC (10?2 Joules)

Improving OHC estimate: XBT

Correction schemes are thoroughly inter-compared (Cheng et al. 2018, JAOT)
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Improving OHC estimate: Mapping

 Mapping (Gap-filling): ocean data are not global

Ocean data coverage from sea surfaceI to 60|00m (3 by 3 degree resolution)
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Improving OHC estimate: Mapping

« Conservative error in traditional mapping method, leads to an
underestimation of long-term warming trend

January - March 1971 temperature data distribution at 600 m depth January - March 1971 temperature anomaly at 600 m depth
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Improving OHC estimate: Mapping

A new mapping method (Cheng&zhu, 2016; Cheng et al. 2017)

Larger localization radius (~25 degree)

Better spatial covariance (CMIP5 models)

EnOIl framework

Iterative runs (localization radius: 25-, 8-, 3- degree)
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A visual check:

Improving OHC estimate: Mapping

Significant improvement by IAP-gap-filling method: looks more reasonable

January - March 1971 temperature data distribution at 600 m depth

January - March 1971 temperature anomaly at 600 m depth
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Improving OHC estimate: Mapping

Evaluate the mapping method by a “Subsample test”
Sampling error = Reconstruction - Truth

Truth (full coverage): Argo data; Reanalysis data; High-resolution Model outputs
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Mapping Evaluation

Global/0-2000m mean
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B Sampling error ~ 0°C from late 1950s to 2014.
B Reconstruction of historical temperature change is reliable by using the
new mapping



Temperature (°C)
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Mapping Evaluation

Reliability of OHC estimate on different time scales

Signal/Noise ratio = Variance of temperature change / Sampling error
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Improving OHC estimate
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Improving OHC estimate

Long-term ocean warming: quicker than IPCC-AR5

For the assessment period in IPCC-AR5: 1971-2010
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Ocean heat content

Ocean heat content: a key measure of Earth’s energy imbalance

Ocean heat content
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An ongoing effort

Mapping
* How reliable is OHC on different temporal/spatial scales?
« Can we further identify problems in mapping and then improve?

___________________________

\ Mapping

e | Reconstruction

___________________________

Compare .
: and Quantify Errors |

___________________________

Subsample /

Truth
(Argo-period data,
Reanalysis,
Model)




An ongoing effort

Now we use 1/4° reanalyses (C-GLORSvV5) to uncertainty the errors (Subsample test)

Signal-to-noise ratio of OHCT on three different time scales
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Wang et al. submitted



An ongoing effort

Now we use 1/4° reanalyses (C-GLORSvV5) to uncertainty the errors (Subsample test)

RMSE for OHCT on three
different time scales
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IAP data, OHC : http://159.226.119.60/ cheng/



An ongoing effort

Now we use 1/4° reanalyses (C-GLORSvV5) to uncertainty the errors (Subsample test)
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Improving OHC estimate

Long-term ocean warming: more consistency among groups
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Precipitation
Equatorial PA
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Energy (1 022 Joules)

Ocean energy budget
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Global ocean heat content

2017 was the warmest year on record for global ocean

Global Ocean Heat Content Change at upper 2000m
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XBT bias

] Red_uce.the. g.eggraphlcal variation of XBT bias (CH14)
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OHC variability

Inter-annual scale variability: regional
e.g. ENSO

Signal
(OHC regressed onto ONI)

Noise
(Spread among three observational datasets)
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